
Journal Pre-proof

Anti-diabetic drugs and weight loss in patients with
type 2 diabetes

Elisa Lazzaroni, Moufida Ben Nasr, Cristian
Loretelli, Ida Pastore, Laura Plebani, Maria Elena
Lunati, Luciana Vallone, Andrea Mario Bolla,
Antonio Rossi, Laura Montefusco, Elio Ippolito,
Cesare Berra, Francesca D’Addio, Gian Vincenzo
Zuccotti, Paolo Fiorina

PII: S1043-6618(21)00366-2

DOI: https://doi.org/10.1016/j.phrs.2021.105782

Reference: YPHRS105782

To appear in: Pharmacological Research

Received date: 1 June 2021
Revised date: 17 July 2021
Accepted date: 20 July 2021

Please cite this article as: Elisa Lazzaroni, Moufida Ben Nasr, Cristian Loretelli,
Ida Pastore, Laura Plebani, Maria Elena Lunati, Luciana Vallone, Andrea Mario
Bolla, Antonio Rossi, Laura Montefusco, Elio Ippolito, Cesare Berra, Francesca
D’Addio, Gian Vincenzo Zuccotti and Paolo Fiorina, Anti-diabetic drugs and
weight loss in patients with type 2 diabetes, Pharmacological Research, (2021)
doi:https://doi.org/10.1016/j.phrs.2021.105782

This is a PDF file of an article that has undergone enhancements after acceptance,
such as the addition of a cover page and metadata, and formatting for readability,
but it is not yet the definitive version of record. This version will undergo
additional copyediting, typesetting and review before it is published in its final
form, but we are providing this version to give early visibility of the article.
Please note that, during the production process, errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier.

https://doi.org/10.1016/j.phrs.2021.105782
https://doi.org/10.1016/j.phrs.2021.105782


1 

 

Anti-diabetic drugs and weight loss in patients with type 2 diabetes 

 

Elisa Lazzaroni
1
, Moufida Ben Nasr

2
, Cristian Loretelli

2
, Ida Pastore

1
, Laura Plebani

1
, Maria Elena 

Lunati
1
, Luciana Vallone

1
, Andrea Mario Bolla

1
, Antonio Rossi

1
, Laura Montefusco

2
, Elio Ippolito

2
, 

Cesare Berra
3
, Francesca D’Addio

4
, Gian Vincenzo Zuccotti

5
  

and Paolo Fiorina
4,5,6

 

 

 
1
Division of Endocrinology, ASST Fatebenefratelli-Sacco, Milan, Italy; 

2
International Center for 

T1D, Pediatric Clinical Research Center Romeo ed Enrica Invernizzi, DIBIC, Università Degli 

Studi Milano, Milan, Italy; 
3
Department of Endocrinology, Nutrition and Metabolic Diseases, 

IRCCS Multimedica, Milan, Italy;
 4

Pediatric Clinical Research Center Romeo ed Enrica Invernizzi, 

Dept. Biomedical and Clinical Sciences “L. Sacco”, Università di Milano and Pediatric Department, 

Buzzi Children’s Hospital, Milan, Italy; 
6
Nephrology Division, Boston Children’s Hospital, Harvard 

Medical School, Boston, MA, USA. 

 

Abstract word count: 233 

Total Word count:  3855 

Figures: 3 

Tables: 3 

Key words: type 2 diabetes, weight loss, anti-diabetic drugs, body composition, diabesity 

Running title: Anti-diabetic drugs and weight loss in T2D 

Chemical compounds: 

Drug PubChem CID 

Metformin 4091 

Acarbose 41774 

Dapagliflozin 9887712 

Canagliflozin 24812758 

Ertugliflozin 44814423 

Empagliflozin 11949646 

Exenatide 45588096 

Liraglutide 16134956 

Semaglutide 56843331 

 

 
#
Address for correspondence: 

 

Paolo Fiorina, MD PhD,  

Nephrology Division,  

Boston Children’s Hospital, 

300 Longwood Ave, 02115 Boston, MA 

E-mail: paolo.fiorina@childrens.harvard.edu  

ORCID ID: Paolo Fiorina 0000-0002-1093-7724 

 

  

Jo
ur

na
l P

re
-p

ro
of



2 

 

Abstract 

Introduction. Obesity is frequently a comorbidity of type 2 diabetes. Even modest weight loss can 

significantly improve glucose homeostasis and lessen cardiometabolic risk factors in patients with 

type 2 diabetes, but lifestyle‐based weight loss strategies are not long‐term effective. There is an 

increasing need to consider pharmacological approaches to assist weight loss in the so called 

diabesity syndrome. Aim of this review is to analyze the weight-loss effect of non-insulin glucose 

lowering drugs in patients with type 2 diabetes. Material and methods. A systematic analysis of 

the literature on the effect of non-insulin glucose lowering drugs on weight loss in patients with 

type 2 diabetes was performed. For each class of drugs, the following parameters were analyzed: 

kilograms lost on average, effect on body mass index and body composition. Results. Our results 

suggested that anti-diabetic drugs can be stratified into 3 groups based on their efficacy in weight 

loss: metformin, acarbose, empagliflozin and exenatide resulted in a in a mild weight loss of (less 

than 3 2 % of initial weight); canagliflozin, ertugliflozin, dapagliflozin and dulaglutide induces a 

moderate weight loss (between 3.2 and 5%); liraglutide, semaglutide and tirzepatide resulted in a 

strong weight loss (greater than 5%). Conclusions. This study shows that new anti-diabetic drugs, 

particularly GLP1-RA and Tirzepatide, are the most effective in inducing weight loss in patients 

with type 2 diabetes. Interestingly, exenatide appears to be the only GLP1-RA that induces a mild 

weight loss.  
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Introduction 

Obesity is frequently a comorbidity of type 2 diabetes (T2D) and up to an 85.2% of people with 

T2D are overweight or obese [1] and by 2025, more than 300 million of people will have T2D 

associated with obesity [2]. In most cases it is not possible to understand these pathologies 

separately, so that some authors consider them as a unique entity termed as “diabesity”[3], which 

therefore also needs to be treated as a single entity to maximize the benefits of the therapies 

received by these patients [4]. Weight-loss has clinically meaningful implications in T2D and 

patients with T2D who lose weight are more likely to avoid the burden of morbidity and early 

mortality associated with a diagnosis of diabetes and obesity [5]. Weight-loss of 5-10%, not only 

improves glycemic control, but also influences cardiovascular risk factors, such as hypertension and 

dyslipidemia [6, 7]. More pronounced weight-loss (>15%) is associated with decreased mortality 

and other clinical benefits, with reduction of sleep apnea and of non-alcoholic steatohepatitis [8]. 

Weight-loss is difficult to accomplish or maintain; indeed, meta-analyses of clinical trials on non-

pharmacological strategies for weight loss have reported a reduction of 1-6 kg, which are difficult to 

be maintained [9]. Lifestyle-based weight-loss strategies, i.e. diet, exercise, and behavior change, 

may be initially successful, but after an early phase of weight-loss, there is a plateau at around 6 

months, followed by a progressive weight gain over the following months [10]. The average weight 

reductions with the formerly used drugs, like sibutramine and orlistat, was nearly 3 to 5 kg, but with 

some  adverse events that limited their use on daily basis [11]. Bariatric surgery has been 

demonstrated to reduce long-term mortality in obese patients, but the usefulness of these 

interventions, for large patient populations, are limited by the safety risks and the high-costs amount 

[12]. In consideration of the extent of the epidemiological entity of the diabesity syndrome and the 

low efficacy of most of the therapeutic approaches available, there is an increasing need to consider 

new pharmacological approaches to facilitate weight-loss in patients with the diabesity syndrome. 

Aim of this review is to analyze the weight-loss effect of all different non-insuline glucose lowering 
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drugs in overweight patients with T2D. Thiazolidinediones were also excluded from our discussion 

due to their known effect of increasing body weight. 

 

1. Metformin 

Metformin is the first-line glucose-lowering medication recommended by almost all international 

guidelines [13]. Several studies demonstrated that metformin has a positive impact on body weight 

according to the specific mechanism of action of this drug. The main mechanism by which 

metformin induces weight-loss is the reduction of appetite with consequent decreased caloric intake 

(Figure 1). The impact on appetite regulation depends on a directly central effect of the drug and 

indirectly on its gastrointestinal side effects, such as nausea, bloating, diarrhea and dysgeusia [14]. 

The mechanism by which metformin acts on appetite centers are different, including: the lactate-

mediated, mild, metabolic acidosis, that may drive a central appetite suppression [15]., the increased 

secretion of the weight-loss promoting incretin glucagon like peptide 1 (GLP-1) [16] and of the 

anorectic hormone peptide YY (PYY), the suppression of orexogenic hypothalamic Agouti related 

protein (AgRP) neurons via AMP-activated protein kinase (AMP) suppression [17], and the reduced 

bile acid absorption through interaction with farnesoid X receptor, that is thought to promote the 

appetite suppressing neuropeptides [18]. The effect of metformin on body weight in randomized, 

controlled trials in patients sub-optimally controlled by diet was variable, with about half of studies 

demonstrating significant reductions in body weight with metformin [5]. However, Stumvoll and 

colleagues, firstly showed that the drug had a modest effect on weight. In the aforementioned study, 

patients lost an average of 2.8% of the initial weight (- 2.7 kg in absolute value) despite the absence 

of change in resting energy expenditure or self-reported physical activity, with a decrease in body 

fat mass which accounted for about 88% of the weight-loss, whereas lean body mass did not change 

[19]. A non-statistically significant difference in the weight-loss between metformin and placebo 

was demonstrated by the Metformin Study Group (nearly 1 kg) [20]. In the United Kingdom 

Prospective Diabetes Study (UKPDS), metformin was again similar to diet therapy as far as weight 
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changes, which was a weight-gain in this case of nearly 1.7% of the initial weight (- 1.5 kg in 

absolute value). The subsequent addition of metformin to sulphonylurea treatment in a subgroup of 

patients in this trial did not result in a significant weight change [21]. The group of Kahn et 

colleagues compared the effect on weight of three antidiabetic drugs, metformin, rosiglitazone and 

glyburide over a period of 5 years and they observed a weight-loss in the metformin group of 3.2% 

of the initial weight (- 2.9 kg in absolute value CI, −3.4 to −2.3), while there was a weight gain in 

the rosiglitazone (change from baseline, 4.8 kg; 95% CI, 4.3 to 5.3) and in the glyburid (1.6 kg; 

95% CI, 1.0 to 2.2) groups [22]. Most of the studies suggested that metformin may prevent the 

weight-gain associated with insulin treatment, with few showing no effects [23, 24].  Douek et al. 

demonstrated that over 12 months, metformin was associated with less weight gain than placebo 

[mean 6.1 kg vs. 7.6 kg; P=0.02] [25] and Kvapil et al. demonstrated in 341 patients with T2D a 

significant lower body weight increase in patients with T2D receiving insulin aspart plus metformin 

as compared to those receiving insulin aspart only (84±13 vs. 89±17 kg, p<0.001) [26]. Few meta-

analysis showed that, while metformin was superior to sulfonylureas as far as body weight, this was 

not evident with placebo [27]. Metformin has also been shown to have a positive effect on body 

composition in patients with T2D uncontrolled by diet, as it may reduce visceral fat mass and 

abdominal subcutaneous fat [28]. A summary of the mean weight-loss observed with metformin in 

different trials is shown in Table 1. 

 

 

2. -Glucosidase Inhibitors  

Acarbose is a competitive inhibitor of intestinal -glucosidase, which exerts its activity in the 

gastrointestinal tract. By reversibly inhibiting the enzymatic cleavage of complex carbohydrates to 

simple absorbable sugars, treatment with acarbose results in a reduction in post-prandial blood 

glucose [29]. In consideration of the reduced carbohydrate absorption and consequently of the 

reduced caloric intake, acarbose is an anti-diabetic drug that has been hypothesized to reduce body 
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weight.  A randomized, double-blind, placebo-controlled, trial conducted on 354 patients with T2D, 

acarbose induced after 1 year of follow up a loss of 0.4±0.3 kg, which appeared higher than the 

placebo (weight-loss of 0.3±0.5 kg, p=0.02). The authors concluded that long-term acarbose therapy 

results in a small weight-loss, which is due partly to the reduced doses of other agents and insulin 

and partly due to energy loss for the increased colonic fermentation, while there are no effects on 

energy or nutrient intakes [30]. A summary of the mean weight-loss observed with -Glucosidase 

Inhibitors in different trials is shown in Table 1. 

 

 

3. SGLT-2 Inhibitors 

The sodium-dependent glucose cotransporter proteins 1 and 2 (SGLT1/2) regulate renal glucose 

reabsorption in the proximal renal tubule of the kidney. SGLT2 transporter induces approximatively 

the 90% of reabsorption, while the remaining 10% is reabsorbed in the distal segment thank to 

SLGT1 transporter [31]. Through the inhibition of these co-transporters, a large amount of glucose, 

ranging from 50 to 100 g daily, and the corresponding caloric equivalent (200–400 kcal/die) are 

pharmacologically forced into urinary excretion, so the whole-body metabolism must undergo 

adaptive changes involving glucose fluxes, hormonal responses, fuel selection, and energy 

expenditure [32] (Figure 2). In particular, SGLT2 inhibitors induce an increased glucagon/insulin 

ratio causing an increased lipid mobilization. Furthermore, SGLT-2i reduce serum leptin and 

increase adiponectin concentration, which are mechanisms contributing to lipolysis, weight loss and 

reduction of adipose accumulation in the myocardium [33]. There are currently four SGLT2 

inhibitors available for use in Europe: canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin. 

Pharmacological blockade of renal glucose reabsorption reduces fasting and postprandial glycemia 

both acutely and chronically without causing hypoglycemia, with improvement of both β cell 

function and insulin sensitivity [34]. In the long-term deficit of glucose oxidation induced an 

increase in lipid oxidation, thereby maintaining energy balance, with reduction in fat mass [35]. The 
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use of SGLT2-inhibitors does not result in reduced energy expenditure and weight-loss is less than 

predicted probably because it stimulates calories intake and endogenous glucose production [36].  

3.1 Canagliflozin. Among the various subtypes of SGLT2-I, canagliflozin has been extensively 

shown to induce a significative weight-loss drug compared to placebo. Stenlöf et al. demonstrated a 

significant weight-loss with canagliflozin of 2.2% of the initial weight (- 2.0 kg in absolute value) 

and 3.3% of the initial weight (- 3.0 kg in absolute value) respectively with the 100 and 300 mg 

dose [37]. In the CANVAS Program, which integrated data from two trials involving a total of 

10,142 participants with T2D and high cardiovascular risk, participants were randomly assigned to 

receive canagliflozin 100 mg daily or placebo and were followed for a mean of 188 weeks. In the 

aforementioned study a mean difference of 1.8% of the initial weight (1.6 kg in absolute value, 95% 

CI, –1.70 to –1.51) (P<0.001) was evident in patients treated with Canagliflozin as compared to 

those who received placebo [38]. Canagliflozin reduced body weight in patients previously treated 

with other oral antidiabetic drugs as well. In a study conducted by Rosenstock et al. in 2012, 451 

subjects inadequately controlled with metformin monotherapy were randomized to canagliflozin 50, 

100, 200, or 300 mg once daily or 300 mg twice daily, sitagliptin 100 mg daily, or placebo. Body 

weight reductions were seen in all canagliflozin groups as compared to placebo, with a reduction in 

weight from baseline of 2.6% (-2.0 kg in absolute value) with 100 mg per day and 3.4% (-3.2 kg in 

absolute value) with 300 mg per day at week 12, while a minor reduction was seen in placebo and 

sitagliptin treatment groups (−0.8 and −0.4 kg from baseline, respectively). Weight-loss appeared to 

be greatest in subjects in the canagliflozin 300 mg groups and it was progressive during the 12-

week treatment period without apparently reaching a plateau [39].  

3.2 Dapagliflozin. Trials on dapagliflozin showed efficacy on weight-loss; particularly a study 

conducted by Ferrannini showed a body weight reduction of 3.2% of the initial weight (-3.3 kg in 

absolute value) and 3.4% of the initial weight (-3.2 kg in absolute value) with Dapagliflozin 5 mg 

and 10 mg respectively, without however reaching a statistical difference as compared to the 

placebo [40]. In the DECLARE study, 17160 patients with T2D, including 10186 who had or were 
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at risk for atherosclerotic cardiovascular disease, were randomly assigned to receive either 

dapagliflozin or placebo and followed for a median of 4.2 years. Difference between the groups as 

far as body weight reduction was 1.8 kg (95% CI, 1.7 to 2.0) in favor of dapagliflozin [41]. In 

another study evaluating the efficacy of three different doses of dapagliflozin versus placebo in 

patients inadequately controlled on metformin, a sustained significative weight-loss from 1.6% to 

1.8% of the initial weight at 102 weeks was shown, whereas increases were noted in placebo-treated 

patients [42]. Bolinder et al. conducted a double-blind, placebo-controlled study in patients with 

T2D inadequately controlled on metformin over 102 weeks, observing a loss of 4.9% of the initial 

weight (-4.5 kg in absolute value), of waist circumference of 5.0 cm and of fat mass of 2.8 kg [35].  

In another randomized study, patients with T2D with poor metabolic control treated with metformin 

received dapagliflozin or glipizide for 18 weeks and a  greater weight-loss (3.2 kg) was observed as 

compared to with glipizide (1.2 kg) [43]. 

3.3 Empagliflozin. The benefit of empagliflozin over metformin was extensively evaluated in the 

EMPA REG study. Empagliflozin 10 and 25 mg for 24 weeks as add-on to metformin therapy 

significantly reduced weight with placebo with differences of adjusted means versus placebo of  

1.9% of the initial weight (- 1.6 kg in absolute value, 95% CI −2.1 to −1.2) for empagliflozin 10 mg 

and 2.5% of the initial weight (-2.0 kg in absolute value 95% CI −2.5 to −1.5] for empagliflozin 25 

mg. The decreases in body weight with empagliflozin 10 and 25 mg were accompanied by 

significant reductions in waist circumference (−1.5 cm [0.2 cm] and −1.6 cm [0.2 cm], respectively) 

as compared to placebo (−0.5 cm [0.2 cm]) [44].  In the EMPA-REG PIO™ trial, 168 patients with 

HbA1c between 7 and 10% were randomized and treated with empagliflozin 10 mg or 25 mg or 

placebo as add-on to pioglitazone and metformin for 24 weeks. Adjusted mean changes in weight 

were -1.6/1.5 kg with empagliflozin 10 mg and 25 mg, respectively, as compared to +0.3 kg with 

placebo [45]. 

3.4 Ertugliflozin. Ertugliflozin is the newest of the class and it was reported to have a significant 

weight-reducing effect as compared to placebo  [46]. In the VERTIS SITA2 study, 5 mg of 
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ertugliflozin added to metformin and sitagliptin over 52 weeks of treatment induced a significant 

placebo-adjusted reduction in body weight [average weight reduction: −1.3 kg (−1.8, −0.9) in 

placebo group, −3.4 kg (−3.8, −2.9) in Ertugliflozin group] [47]. In another randomized, double‐

blind, multicentric study (VERTIS FACTORIAL), the efficacy of Ertugliflozin 5 and 15 mg were 

compared to sitagliptin 100 mg. At week 26 a significantly greater reduction in body weight was 

observed for Ertugliflozin 5 mg, with an average loss of 3.0% of the initial weight (−2.7 kg in 

absolute value,  CI −3.1, −2.2), and 15 mg, with an average loss of 4.2% of the initial weight (−3.7 

kg in absolute value,  CI −4.2, −3.3), compared to sitagliptin 100 mg [-0.7 kg (-1.1, -0.2)] [48]. A 

summary of the mean weight-loss observed with SGLT2 inhibitors in different trials is shown in 

Table 2. 

 

4. GLP1 and GLP-1/GIP Receptor Agonist  

GLP-1 (glucagon-like peptide-1) and GIP (glucose-dependent insulinotropic polypeptide) are 

natural incretin released by the gut during meals; they maintain a normal blood glucose level by 

stimulating glucose-dependent insulin secretion, thereby driving insulin-mediated glucose disposal 

to the muscle and fat cells. Moreover, GLP1-1/GIP inhibited postprandial glucagon secretion and 

hepatic glucose production.  In healthy individuals, the insulin surge after meals rapidly leads to a 

reduction in glucose plasma levels. In people with T2D, the incretin effect is markedly diminished, 

resulting in higher and sustained glucose plasma concentration after ingestion of carbohydrates 

[49]. GLP1-1/GIP agonists increase the sense of satiety, with reduction of food intake, and, 

consequentially, body weight. GLP1-1/GIP have a direct effect on pancreas, but while GLP-1 

induces increase of insulin secretion and reduction of glucagon release, GIP causes increasing of 

both these hormones. Only GLP-1 has a variety of other effects, including slowing the gastric 

emptying, improving insulin sensitivity and reducing hepatic glucose production and ectopic lipid 

accumulation [50]. GIP has direct effects on subcutaneous white adipose tissue, improves insulin 

sensitivity and lipid buffering capacity, blood flow and storage capacity, while it reduces 
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proinflammatory immune cell infiltration [51, 52]. In this way, GIP indirectly also reduces the 

dietary triglycerides. In consideration of the effect of these hormones, GLP-1 receptor agonist 

(GLP-1 RA) drugs and, lately, the combined GLP-1 and GIP receptor agonists (GLP-1/GIP RA) 

have been studied in many trials for their anti-diabetic and weight-loss effect (Figure 2). 

4.1 Exenatide. Exenatide is a short acting GLP-1 RA which has been demonstrated to have a 

positive effect on body weight in patients with T2D. A meta‐analysis of 25 trials of patients with 

overweight or obesity, with or without T2DM, treated with exenatide or liraglutide showed a mean 

difference of 2.7% of the initial weight (−2.7 kg in absolute value), achieved with the highest dose 

of GLP‐1 RAs compared as compared to controls [53]. Apovian et al. found that adding exenatide 

to an intensive lifestyle modification program, consisting of 600 kcal/day deficit and physical 

activity of at least 2.5 hours/week, induces greater weight-loss than lifestyle program and placebo 

(−6.2±0.5 vs. −4.0±0.5 kg) [54]. Patients with T2D failing to achieve glycemic control with 

metformin and treated with exenatide display progressive dose-dependent weight-loss (-2.8 kg) as 

compared to placebo [55]. A similar effect on body weight was also observed in patients with T2D 

poorly controlled by sulfonylurea as monotherapy, with a dose-dependent progressive weight loss 

of 1.7% of the initial weight (−1.6//±0.3 kg in absolute value) from baseline in the group treated 

with exenatide [56]. 

4.2 Liraglutide. Liraglutide is a glucagon-like peptide-1 with 97% homology to human glucagon-

like peptide-1 and it is approved for the treatment of T2D. Weight-loss due to this drug is mediated 

by central appetite reduction with consequent decreased energy intake rather than by increased 

energy expenditure [57]. The effect of Liraglutide on weight is dose-dependent, as demonstrated in 

the SCALE study, in which patients experienced a dose-dependent weight-loss ranging from 6.0 to 

8.8 kg, whereas subjects treated with placebo (on diet and exercise alone) had a mean weight-loss 

between 0.2 and 3.0 kg. In the same study, adding liraglutide 3 mg once daily to diet and exercise, 

resulted in an additional weight-loss of 6% versus lifestyle intervention only [58]. Davies et al. 

observed a significant weight-loss in obese patient with T2D treated with two different doses of 

Jo
ur

na
l P

re
-p

ro
of



12 

 

Liraglutide; indeed after 12 weeks, the mean weight-loss was 4.7% of the initial weight (−5 kg in 

absolute value) and 6.0% of the initial weight (−6.4 kg in absolute value) with 1.8 and 3 mg 

respectively of liraglutide as compared to a weight loss of 2.2% (-2.2 kg in absolute value) with 

placebo [59]. Interestingly, an early weight loss in treatment with liraglutide has been identified as a 

key predictor of a late successful response to the drug [60]. 

4.3 Dulaglutide. Dulaglutide an once-weekly injectable GLP-1 RA has a positive effect in terms of 

reduction of body mass index and waist circumference [61], but most of the authors describe a 

modest effect on weight-loss which is dependent on the administered dose. An interesting study 

compared the effect of two different doses of dulaglutide, exenatide and placebo in patients with 

T2D. The mean weight loss change from baseline to 26 weeks was a loss of 1.4% of the initial 

weight (−1.3±0.3 kg in absolute value) for dulaglutide 1.5 mg, a gain of 0.2% of the initial weight 

(0.2±0.3 kg in absolute value) for dulaglutide 0.75 mg, a loss of 1.1% (−1.1±0.3 kg in absolute 

value) for exenatide, and a gain of 1.3% (1.2±0.4 kg in absolute value) for placebo [62]. The effect 

on body weight with different doses of dulaglutide was also demonstrated by Nauck et al., who 

showed that changes in body weight from baseline to 52 weeks were significantly greater for 

dulaglutide 1.5 mg, with a loss of 3.4% of the initial weight (−3.0±0.2 kg in absolute value) and 

dulaglutide 0.75 mg, with a loss of 3.0% of the initial weight (−2.6±0.2 kg in absolute value) as 

compared to sitagliptin, that induces a weight loss of 1.6% (−1.5±0.2 kg in absolute value) [63]. 

4.4 Semaglutide. Semaglutide is a novel once-weekly injectable or oral GLP‐1 RA, which has been 

studied in a series of SUSTAIN studies in patients with T2D. In the SUSTAIN-1 trial, a double-

blind, randomized, placebo-controlled phase 3a trial, including patients with T2D, showed a 

significant weight-loss at week 30 of 4.1% of the initial weight (− 3.7 kg (95% CI −4.5 to −2.9) 

with 0.5 mg semaglutide, of 4.9% of the initial weight (−4.5 kg (−5.3 to −3.7) with 1.0 mg 

semaglutide and a non-significant weight-loss of 1.4% (-1.0 kg (−1.8 to −0.1) with placebo [64]. 

The efficacy of semaglutide in patients with T2D was also demonstrated as add-on to other oral 

antidiabetic agents (e.g.; metformin, thiazolidinediones and sitagliptin) in the SUSTAIN-2 study: 
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body weight reduced by 4.8% of the initial weight (−4.3 kg in absolute value) with semaglutide 0.5 

mg and 6.8% of the initial weight (−6.1 kg in absolute value) with semaglutide 1.0 mg [65]. In the 

SUSTAIN-3 study once-weekly semaglutide 1.0 mg s.c. was compared with exenatide extended 

release 2.0 mg s.c. in patients with T2D. Mean body weight was reduced by 5.8% of the initial 

weight (−5.6 kg in absolute value) with semaglutide and 2.1% of the initial weight (−1.9 kg in 

absolute value)with exenatide [32]. In the SUSTAIN-4, semaglutide 0.5 and 1.0 mg achieved 

weight losses of //3.7% (−3.5 kg in absolute value)// and 5.6% of the initial weight (−5.2 kg in 

absolute value) respectively, versus a weight gain of 1.3% of the initial weight (−1.1 kg in absolute 

value) with insulin glargine [66]. //The significant weight loss founded in SUSTAIN-4 study was 

also observed in SUSTAIN-6 study, where authors reported an average weight loss of 3.9% of the 

initial weight (−3.6 kg in absolute value) with semaglutide 0.5 mg and of 5.3% of the initial weight 

(-4.9kg in absolute value) with semaglutide 1 mg [67].    A comparative study of the efficacy of 

semaglutide compared to liraglutide showed that weight reductions with semaglutide 1.6 mg were 

greater than those with liraglutide 1.8 mg (-2.6 kg), but adverse events and withdrawals occurred 

more frequently [68]. The effect of semaglutide on body composition compared to canagliflozin 

was assessed in a subset of participants in the SUSTAIN-8 study. Authors observed an improvement 

in body composition (including fat mass, lean mass and visceral fat mass) after 52 weeks with both 

treatments, with a reduction of fat mass by 3.4 kg and 2.6 kg with semaglutide and canagliflozin, 

respectively. Although total lean mass was also reduced by 2.3 kg and 1.5 kg with semaglutide and 

canagliflozin, respectively, the proportion of lean mass (baseline 59.4%) increased by 1.2%- and 

1.1%-point, respectively  [69, 70]. The weight-lowering effect of semaglutide was also 

demonstrated for the oral formulation: in the PIONEER 6 study comparing the effect of oral 

semaglutide versus placebo the authors found a reduction in body weight of 4.8% of the initial 

weight (−4.2 kg in absolute value) at the end of the study (190 weeks) compared to -0.8 kg with 

placebo [71].  
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4.5 Tirzepatide. Tirzepatide (LY3298176) is a novel dual glucose-dependent insulinotropic 

polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist that is being developed for 

the treatment of T2D [66]. In a recent double-blind, randomised, phase 2 study published in 2018 

by Frias et al., patients with T2D were randomly assigned to receive either once-weekly 

subcutaneous Tirzepatide (1 mg, 5 mg, 10 mg, or 15 mg), dulaglutide (1.5 mg), or placebo for 26 

weeks. From the comparative analysis of the six groups of patients emerged that changes in mean 

body weight ranged from –0.9 kg to –11.3 kg for LY3298176, as compared to –0.4 kg for placebo 

and –2.7 kg for dulaglutide. The weight-loss was dose-dependent, with patients who received 10 mg 

or 15 mg LY3298176 losing the most weight (mean differences in body weight: 2.3% of the initial 

weight (−2.1 kg in absolute value) for 5 mg, 4.7% of the initial weight (−4.4 kg in absolute value) 

for 10 mg, and 7.0% of the initial weight (−6.2 kg in absolute value) for 15 mg) (Table 3). More 

patients treated with 5 mg, 10 mg, and 15 mg LY3298176 reached weight targets (≥ 5%, ≥ 10%, and 

≥15% weight loss from baseline) than did those treated with placebo and dulaglutide. Changes in 

waist circumference ranged from –2.1 cm to –10.2 cm for LY3298176, as compared to –1.3 cm for 

placebo and –2.5 cm for dulaglutide. At week 26, mean waist circumference decreased with the 5 

mg, 10 mg, and 15 mg doses of LY3298176 [72]. A summary of the mean weight-loss observed 

with GLP-1 RA and Tirzepatide in different trials is shown in Table 3. 

 

Conclusions 

Diabesity is an increasingly widespread clinical condition characterized by the coexistence of 

diabetes and obesity [2].  Weight-loss has an important role in patients with T2D both to improve 

glycemic control and to prevent complications of this pathology. The weight-loss strategies 

currently available have some limitations; for instance lifestyle changes, after an early phase of 

weight loss, show a progressive recurrence of weight gain [10]. Drugs currently approved for the 

treatment of obesity have important adverse events, which lead to poor complicity in treatment and 

bariatric surgery can only be performed in limited cases due to the safety risks and the high costs 
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amount [12].  In this work, we reviewed the effects of most common non insulin anti-diabetic drugs 

with positive effects on body weight and body composition in overweight/obese T2D patients. Our 

results suggested that anti-diabetic drugs can be stratified into 3 groups based on their efficacy in 

weight loss: we considered a mild effect a weight loss less than 3.2% of initial weight, a moderate 

effect a weight loss between 3.2 and 5%, and a strong effect a weight loss greater than 5%. Out of 

the major four classes of anti-diabetic drugs, metformin acts on weight-loss both through its 

gastrointestinal side effects, through a central appetite suppressing effect and through its insulin-

sensitizing effect  [14, 15] . Studies on metformin do not fully agree on the effect of the drug on 

body weight [5]. Most of the authors found a mild reduction in body weight (less than 3.2% of 

initial weight in all studies) with metformin  [19, 22], with the advantage that adding this 

hypoglycemic agent to insulin therapy may reduce its negative effect on weight  [24-26] Acarbose 

causes a reduction in the intestinal absorption of glucose, thus inducing a reduction in the daily 

caloric intake, however, the effect of body weight is mild [30]. SGLT-2 I induce increased urinary 

glucose excretion in a dose-dependent manner and produce a statistically significant reduction in 

body weight. Weight-loss observed with SGLT-2i is mainly due to loss of fat versus lean mass, with 

slightly greater loss of visceral versus subcutaneous fat in patients with T2D [35]. The effect of 

SGLT-2 I on weight loss is moderate, excluded of empagliflozin wich induces a mild weight 

reduction. GLP1-RA are the class of anti-diabetic agents that have shown the greatest benefit in 

terms of weight reduction. The effect on weight of these drugs was mild for exenatide and modest 

for dulaglutide, while was strong for liraglutide, the only GLP1-RA approved for obesity, and 

semaglutide [73].  The dual GIP and GLP-1 receptor agonist, LY3298176, is a promising therapy 

from the point of view of weight reduction too, showing a significantly better efficacy than 

dulaglutide. This drug has also shown an interesting effect on reducing the waist circumference 

[72].  

In conclusion, among anti-diabetics the new drugs, in particular the new molecules of the GLP-1 

RA class, are the most effective in inducing weight reduction in patients with T2D. In these patients, 
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weight-loss combined with other extraglicemic and extrapancreatic effects have a positive impact 

on cardiovascular risk with a consequent reduction in mortality and morbidity of the disease risk  

[74].  

 

 

Tables and Figures 

 

Table 1. Main studies related to weight loss in diabetic patients treated with metformin and α-

glucosidase inhibitors 

 

Drug Study Dose 

(mg) 

Average weight loss  

(Kg) 

% weight loss vs. baseline Observation interval 

(weeks) 

Metformin  Stumvoll et al. 2550 per day - 2.7 ± 1.3 - 2.8% 16 

Kahn et al. 500 per day - 2.9 

(CI -3.4 ; -2.3) 

- 3.2% 260 

Defronzo et al. 2550 per day - 0.6 ± 0.3 - 0.6% 29 

Holman et al. 2550 per day + 1.5   

(no CI  provided) 

+ 1.7% 312 

Acarbose Wolever et al. 200  

three times per day 

- 0.4 ± 0.3 - 0.4% 52 
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Table 2. Main studies related to weight loss in diabetic patients treated with SGLT2-inhibitors.  

Drug Study Dose 
(mg) 

Average weight loss  
(Kg) 

% weight loss 

vs. baseline 
Observation 

interval 

(weeks) 

Canagliflozin  Stenlöf et al. 100 per day - 1.9 ± 0.3 - 2.2% 26 

300 per day - 2.9 ± 0.7 - 3.3% 26 

CANVAS study 100 per day - 1.6 ± 0.1 - 1.8% 188 

Rosenstock et al. 100 per day - 2.3   

(no CI  provided) 

- 2.6% 12 

300 per day - 3.0   

(no CI  provided) 

- 3.4% 12 

Dapagliflozin  Ferrarini et al. 5 per day - 2.8 ± 0.5 - 3.2% 24 

10 per day - 3.2 ± 0.5 - 3.4% 24 

Nauck et al. 10 per day - 3.2 ± 0.4 NA 52 

DECLARE study 10 per day - 1.8 ± 0.2 NA 218 

Bailey et al. 5 per day - 2.9 ± 0.5 - 3.4% 24 

- 1.5 ± 0.2 - 1.8% 102 

10 per day - 2.7 ± 0.5 - 3.1% 24 

- 1.4 ± 0.3 - 1.6% 102 

Bolinder et al. 10 per day - 4.5 ± 0.9 - 4.9% 52 

Empagliflozin  EMPA-REG Study 25 per day - 2.0  ± 0.5 - 2.5% 24 

10 per day - 1.6  ± 0.4 - 1.9% 24 

EMPA-REG PIO trial 25 per day - 1.5 ± 0.2 NA 24 

Ertugliflozin  VERTIS SITA2 study 5 per day - 3.4  ± 0.4 NA 26 

15 per day -3.0  ± 0.4 NA 26 

VERTIS FACTORIAL 5 per day - 2.7  ± 0.4 - 3.0% 26 

15 per day -3.7  ± 0.4 - 4.2% 26 
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Table 3. Main studies related to weight loss in diabetic patients treated with GLP1 receptor agonists 

and Tirzepatide.  

Drug Study Dose (mg) Average weight loss  
(Kg) 

% weight loss vs. 

baseline 
Observation 

interval 

(weeks) 

Exenatide  Vilsbøll et al. 10 μg per day - 2.8  ± 1-3 NA 20 

Buse et al. 10 μg per day - 1.6 ± 0.3 - 1.7% 26 

De Fronzo et al. 10 μg per day - 2.8 ± 0.5 - 2.8% 30 

5 μg per day -1.6 ± 0.4   - 1.6% 26 

Liraglutide  Vilsbøll et al. 1.2 per day - 2.2  ± 1.3 NA 20 

Wadden et al. 3.0 per day - 8.4 ± 7.3 - 7.5% 56 

Davies et al. 3.0 per day - 6.4 (No CI provided) - 6.0% 56 

1.8 per day - 5.0 (No CI provided) - 4.7% 56 

Dulaglutide Wysham  et al. 1.50 per week - 1.3 ± 0.3 - 1.4% 26 

0.75 per week + 0.2 ± 0.3 + 0.2% 26 

Nauck et al. 1.50 per week - 3.0 ± 0.2 - 3.4% 52 

0.75 per week - 2.6 ± 0.2 - 3.0% 52 

Semaglutide SUSTAIN1 0.5 per week - 3.7 ± 0.8 - 4.1% 30 

1.0 per week - 4.5 ± 0.8 - 4.9% 30 

SUSTAIN2 0.5 per week - 4.3 (No CI provided) - 4.8% 56 

1.0 per week -6.1  ± 1.0 - 6.8% 56 

SUSTAIN3 1.0 per week - 5.6 (No CI provided) - 5.8% 56 

SUSTAIN4 0.5 per week - 3.5 ± 0.4 - 3.7% 30 

1.0 per week - 5.2 ± 0.5 - 5.6% 30 

SUSTAIN6 0.5 per week - 3.6 (No CI provided) - 3.9% 104 

1.0 per week - 4.9 (No CI provided) - 5.3% 104 

PIONEER 14.0 daily  - 4.2 (No CI provided) - 4.8% 190 

Tirzepatide  Frias et al. 5 per day -2.1 (no CI provided) - 2.3% 26 

10 per day -4.4 (no CI provided) - 4.7% 26 

15 per day -6.2 (no CI provided) - 7.0% 26 
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Figure 1. Summary of weight loss mechanisms of metformin and acarbose. 
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Figure 2. Summary of weight loss mechanisms of GLP1-RA, dual GLP1/GIP-RA and SGLT-2 I. 
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Figure 3. Summary of weight loss for the most common antidiabetic drugs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jo
ur

na
l P

re
-p

ro
of



22 

 

Bibliography 

1. Zimmet, P., K.G. Alberti, and J. Shaw, Global and societal implications of the diabetes 

epidemic. Nature, 2001. 414(6865): p. 782-7. 

2. Bhupathiraju, S.N. and F.B. Hu, Epidemiology of Obesity and Diabetes and Their 

Cardiovascular Complications. Circ Res, 2016. 118(11): p. 1723-35. 

3. Karastergiou, K. and V. Mohamed-Ali, The autocrine and paracrine roles of adipokines. 

Mol Cell Endocrinol, 2010. 318(1-2): p. 69-78. 

4. Ortega, M.A., et al., Type 2 Diabetes Mellitus Associated with Obesity (Diabesity). The 

Central Role of Gut Microbiota and Its Translational Applications. Nutrients, 2020. 12(9). 

5. Golay, A., Metformin and body weight. Int J Obes (Lond), 2008. 32(1): p. 61-72. 

6. Montefusco, L., et al., Anti-inflammatory effects of diet and caloric restriction in metabolic 

syndrome. J Endocrinol Invest, 2021. 

7. Wing, R.R., et al., Benefits of modest weight loss in improving cardiovascular risk factors in 

overweight and obese individuals with type 2 diabetes. Diabetes Care, 2011. 34(7): p. 1481-

6. 

8. Ryan, D.H. and S.R. Yockey, Weight Loss and Improvement in Comorbidity: Differences at 

5%, 10%, 15%, and Over. Curr Obes Rep, 2017. 6(2): p. 187-194. 

9. Norris, S.L., et al., Long-term non-pharmacologic weight loss interventions for adults with 

type 2 diabetes. Cochrane Database Syst Rev, 2005(2): p. CD004095. 

10. Franz, M.J., et al., Weight-loss outcomes: a systematic review and meta-analysis of weight-

loss clinical trials with a minimum 1-year follow-up. J Am Diet Assoc, 2007. 107(10): p. 

1755-67. 

11. Rucker, D., et al., Long term pharmacotherapy for obesity and overweight: updated meta-

analysis. BMJ, 2007. 335(7631): p. 1194-9. 

12. Padwal, R., et al., Bariatric surgery: a systematic review and network meta-analysis of 

randomized trials. Obes Rev, 2011. 12(8): p. 602-21. 

13. Scarpello, J.H. and H.C. Howlett, Metformin therapy and clinical uses. Diab Vasc Dis Res, 

2008. 5(3): p. 157-67. 

14. Yerevanian, A. and A.A. Soukas, Metformin: Mechanisms in Human Obesity and Weight 

Loss. Curr Obes Rep, 2019. 8(2): p. 156-164. 

15. Islam, H., et al., Potential involvement of lactate and interleukin-6 in the appetite-regulatory 

hormonal response to an acute exercise bout. J Appl Physiol (1985), 2017. 123(3): p. 614-

623. 

16. Napolitano, A., et al., Novel gut-based pharmacology of metformin in patients with type 2 

diabetes mellitus. PLoS One, 2014. 9(7): p. e100778. 

17. DeFronzo, R.A., et al., Once-daily delayed-release metformin lowers plasma glucose and 

enhances fasting and postprandial GLP-1 and PYY: results from two randomised trials. 

Diabetologia, 2016. 59(8): p. 1645-54. 

18. Kuhre, R.E., et al., Bile acids are important direct and indirect regulators of the secretion of 

appetite- and metabolism-regulating hormones from the gut and pancreas. Mol Metab, 2018. 

11: p. 84-95. 

19. Stumvoll, M., et al., Metabolic effects of metformin in non-insulin-dependent diabetes 

mellitus. N Engl J Med, 1995. 333(9): p. 550-4. 

20. DeFronzo, R.A. and A.M. Goodman, Efficacy of metformin in patients with non-insulin-

dependent diabetes mellitus. The Multicenter Metformin Study Group. N Engl J Med, 1995. 

333(9): p. 541-9. 

21. Holman, R.R., et al., 10-year follow-up of intensive glucose control in type 2 diabetes. N 

Engl J Med, 2008. 359(15): p. 1577-89. 

22. Kahn, S.E., et al., Glycemic durability of rosiglitazone, metformin, or glyburide 

monotherapy. N Engl J Med, 2006. 355(23): p. 2427-43. 

Jo
ur

na
l P

re
-p

ro
of



23 

 

23. Robinson, A.C., et al., The effects of metformin on glycemic control and serum lipids in 

insulin-treated NIDDM patients with suboptimal metabolic control. Diabetes Care, 1998. 

21(5): p. 701-5. 

24. Yki-Jarvinen, H., et al., Comparison of bedtime insulin regimens in patients with type 2 

diabetes mellitus. A randomized, controlled trial. Ann Intern Med, 1999. 130(5): p. 389-96. 

25. Douek, I.F., et al., Continuing metformin when starting insulin in patients with Type 2 

diabetes: a double-blind randomized placebo-controlled trial. Diabet Med, 2005. 22(5): p. 

634-40. 

26. Kvapil, M., et al., Biphasic insulin aspart 30 plus metformin: an effective combination in 

type 2 diabetes. Diabetes Obes Metab, 2006. 8(1): p. 39-48. 

27. Saenz, A., et al., Metformin monotherapy for type 2 diabetes mellitus. Cochrane Database 

Syst Rev, 2005(3): p. CD002966. 

28. Virtanen, K.A., et al., Differential effects of rosiglitazone and metformin on adipose tissue 

distribution and glucose uptake in type 2 diabetic subjects. Diabetes, 2003. 52(2): p. 283-90. 

29. Coniff, R. and A. Krol, Acarbose: a review of US clinical experience. Clin Ther, 1997. 19(1): 

p. 16-26; discussion 2-3. 

30. Wolever, T.M., et al., Small weight loss on long-term acarbose therapy with no change in 

dietary pattern or nutrient intake of individuals with non-insulin-dependent diabetes. Int J 

Obes Relat Metab Disord, 1997. 21(9): p. 756-63. 

31. Kanai, Y., et al., The human kidney low affinity Na+/glucose cotransporter SGLT2. 

Delineation of the major renal reabsorptive mechanism for D-glucose. J Clin Invest, 1994. 

93(1): p. 397-404. 

32. Ahmann, A.J., et al., Efficacy and Safety of Once-Weekly Semaglutide Versus Exenatide ER 

in Subjects With Type 2 Diabetes (SUSTAIN 3): A 56-Week, Open-Label, Randomized 

Clinical Trial. Diabetes Care, 2018. 41(2): p. 258-266. 

33. Wu, P., et al., Systematic Review and Meta-Analysis of Randomized Controlled Trials on the 

Effect of SGLT2 Inhibitor on Blood Leptin and Adiponectin Level in Patients with Type 2 

Diabetes. Horm Metab Res, 2019. 51(8): p. 487-494. 

34. Ferrannini, E., et al., Metabolic response to sodium-glucose cotransporter 2 inhibition in 

type 2 diabetic patients. J Clin Invest, 2014. 124(2): p. 499-508. 

35. Bolinder, J., et al., Dapagliflozin maintains glycaemic control while reducing weight and 

body fat mass over 2 years in patients with type 2 diabetes mellitus inadequately controlled 

on metformin. Diabetes Obes Metab, 2014. 16(2): p. 159-69. 

36. Vasilakou, D., et al., Sodium-glucose cotransporter 2 inhibitors for type 2 diabetes: a 

systematic review and meta-analysis. Ann Intern Med, 2013. 159(4): p. 262-74. 

37. Stenlof, K., et al., Efficacy and safety of canagliflozin monotherapy in subjects with type 2 

diabetes mellitus inadequately controlled with diet and exercise. Diabetes Obes Metab, 2013. 

15(4): p. 372-82. 

38. Neal, B., et al., Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N 

Engl J Med, 2017. 377(7): p. 644-657. 

39. Rosenstock, J., et al., Dose-ranging effects of canagliflozin, a sodium-glucose cotransporter 

2 inhibitor, as add-on to metformin in subjects with type 2 diabetes. Diabetes Care, 2012. 

35(6): p. 1232-8. 

40. Ferrannini, E., et al., Dapagliflozin monotherapy in type 2 diabetic patients with inadequate 

glycemic control by diet and exercise: a randomized, double-blind, placebo-controlled, 

phase 3 trial. Diabetes Care, 2010. 33(10): p. 2217-24. 

41. Wiviott, S.D., et al., Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N 

Engl J Med, 2019. 380(4): p. 347-357. 

42. Bailey, C.J., et al., Dapagliflozin add-on to metformin in type 2 diabetes inadequately 

controlled with metformin: a randomized, double-blind, placebo-controlled 102-week trial. 

BMC Med, 2013. 11: p. 43. 

Jo
ur

na
l P

re
-p

ro
of



24 

 

43. Nauck, M.A., et al., Dapagliflozin versus glipizide as add-on therapy in patients with type 2 

diabetes who have inadequate glycemic control with metformin: a randomized, 52-week, 

double-blind, active-controlled noninferiority trial. Diabetes Care, 2011. 34(9): p. 2015-22. 

44. Haring, H.U., et al., Empagliflozin as add-on to metformin in patients with type 2 diabetes: a 

24-week, randomized, double-blind, placebo-controlled trial. Diabetes Care, 2014. 37(6): p. 

1650-9. 

45. Kovacs, C.S., et al., Empagliflozin improves glycaemic and weight control as add-on 

therapy to pioglitazone or pioglitazone plus metformin in patients with type 2 diabetes: a 

24-week, randomized, placebo-controlled trial. Diabetes Obes Metab, 2014. 16(2): p. 147-

58. 

46. Rosenstock, J., et al., Effect of ertugliflozin on glucose control, body weight, blood pressure 

and bone density in type 2 diabetes mellitus inadequately controlled on metformin 

monotherapy (VERTIS MET). Diabetes Obes Metab, 2018. 20(3): p. 520-529. 

47. Dagogo-Jack, S., et al., Efficacy and safety of the addition of ertugliflozin in patients with 

type 2 diabetes mellitus inadequately controlled with metformin and sitagliptin: The VERTIS 

SITA2 placebo-controlled randomized study. Diabetes Obes Metab, 2018. 20(3): p. 530-540. 

48. Pratley, R.E., et al., Ertugliflozin plus sitagliptin versus either individual agent over 52 

weeks in patients with type 2 diabetes mellitus inadequately controlled with metformin: The 

VERTIS FACTORIAL randomized trial. Diabetes Obes Metab, 2018. 20(5): p. 1111-1120. 

49. Nauck, M.A. and J.J. Meier, Incretin hormones: Their role in health and disease. Diabetes 

Obes Metab, 2018. 20 Suppl 1: p. 5-21. 

50. Rowlands, J., et al., Pleiotropic Effects of GLP-1 and Analogs on Cell Signaling, 

Metabolism, and Function. Front Endocrinol (Lausanne), 2018. 9: p. 672. 

51. Samms, R.J., M.P. Coghlan, and K.W. Sloop, How May GIP Enhance the Therapeutic 

Efficacy of GLP-1? Trends Endocrinol Metab, 2020. 31(6): p. 410-421. 

52. Mohammad, S., et al., Gastric inhibitory peptide controls adipose insulin sensitivity via 

activation of cAMP-response element-binding protein and p110beta isoform of 

phosphatidylinositol 3-kinase. J Biol Chem, 2011. 286(50): p. 43062-70. 

53. Vilsboll, T., et al., Effects of glucagon-like peptide-1 receptor agonists on weight loss: 

systematic review and meta-analyses of randomised controlled trials. BMJ, 2012. 344: p. 

d7771. 

54. Apovian, C.M., et al., Effects of exenatide combined with lifestyle modification in patients 

with type 2 diabetes. Am J Med, 2010. 123(5): p. 468 e9-17. 

55. DeFronzo, R.A., et al., Effects of exenatide (exendin-4) on glycemic control and weight over 

30 weeks in metformin-treated patients with type 2 diabetes. Diabetes Care, 2005. 28(5): p. 

1092-100. 

56. Buse, J.B., et al., Effects of exenatide (exendin-4) on glycemic control over 30 weeks in 

sulfonylurea-treated patients with type 2 diabetes. Diabetes Care, 2004. 27(11): p. 2628-35. 

57. van Can, J., et al., Effects of the once-daily GLP-1 analog liraglutide on gastric emptying, 

glycemic parameters, appetite and energy metabolism in obese, non-diabetic adults. Int J 

Obes (Lond), 2014. 38(6): p. 784-93. 

58. Wadden, T.A., et al., Weight maintenance and additional weight loss with liraglutide after 

low-calorie-diet-induced weight loss: the SCALE Maintenance randomized study. Int J Obes 

(Lond), 2013. 37(11): p. 1443-51. 

59. Davies, M.J., et al., Efficacy of Liraglutide for Weight Loss Among Patients With Type 2 

Diabetes: The SCALE Diabetes Randomized Clinical Trial. JAMA, 2015. 314(7): p. 687-99. 

60. Fujioka, K., et al., Early Weight Loss with Liraglutide 3.0 mg Predicts 1-Year Weight Loss 

and is Associated with Improvements in Clinical Markers. Obesity (Silver Spring), 2016. 

24(11): p. 2278-2288. 

Jo
ur

na
l P

re
-p

ro
of



25 

 

61. Jendle, J., et al., Efficacy and safety of dulaglutide in the treatment of type 2 diabetes: a 

comprehensive review of the dulaglutide clinical data focusing on the AWARD phase 3 

clinical trial program. Diabetes Metab Res Rev, 2016. 32(8): p. 776-790. 

62. Wysham, C., et al., Efficacy and safety of dulaglutide added onto pioglitazone and 

metformin versus exenatide in type 2 diabetes in a randomized controlled trial (AWARD-1). 

Diabetes Care, 2014. 37(8): p. 2159-67. 

63. Nauck, M., et al., Efficacy and safety of dulaglutide versus sitagliptin after 52 weeks in type 

2 diabetes in a randomized controlled trial (AWARD-5). Diabetes Care, 2014. 37(8): p. 

2149-58. 

64. Sorli, C., et al., Efficacy and safety of once-weekly semaglutide monotherapy versus placebo 

in patients with type 2 diabetes (SUSTAIN 1): a double-blind, randomised, placebo-

controlled, parallel-group, multinational, multicentre phase 3a trial. Lancet Diabetes 

Endocrinol, 2017. 5(4): p. 251-260. 

65. Ahren, B., et al., Efficacy and safety of once-weekly semaglutide versus once-daily 

sitagliptin as an add-on to metformin, thiazolidinediones, or both, in patients with type 2 

diabetes (SUSTAIN 2): a 56-week, double-blind, phase 3a, randomised trial. Lancet 

Diabetes Endocrinol, 2017. 5(5): p. 341-354. 

66. Aroda, V.R., et al., Efficacy and safety of once-weekly semaglutide versus once-daily insulin 

glargine as add-on to metformin (with or without sulfonylureas) in insulin-naive patients 

with type 2 diabetes (SUSTAIN 4): a randomised, open-label, parallel-group, multicentre, 

multinational, phase 3a trial. Lancet Diabetes Endocrinol, 2017. 5(5): p. 355-366. 

67. Marso, S.P., et al., Semaglutide and Cardiovascular Outcomes in Patients with Type 2 

Diabetes. N Engl J Med, 2016. 375(19): p. 1834-1844. 

68. Nauck, M.A., et al., A Phase 2, Randomized, Dose-Finding Study of the Novel Once-Weekly 

Human GLP-1 Analog, Semaglutide, Compared With Placebo and Open-Label Liraglutide 

in Patients With Type 2 Diabetes. Diabetes Care, 2016. 39(2): p. 231-41. 

69. Lingvay, I., et al., Efficacy and safety of once-weekly semaglutide versus daily canagliflozin 

as add-on to metformin in patients with type 2 diabetes (SUSTAIN 8): a double-blind, phase 

3b, randomised controlled trial. Lancet Diabetes Endocrinol, 2019. 7(11): p. 834-844. 

70. McCrimmon, R.J., et al., Effects of once-weekly semaglutide vs once-daily canagliflozin on 

body composition in type 2 diabetes: a substudy of the SUSTAIN 8 randomised controlled 

clinical trial. Diabetologia, 2020. 63(3): p. 473-485. 

71. Husain, M., et al., Oral Semaglutide and Cardiovascular Outcomes in Patients with Type 2 

Diabetes. N Engl J Med, 2019. 381(9): p. 841-851. 

72. Frias, J.P., et al., Efficacy and safety of LY3298176, a novel dual GIP and GLP-1 receptor 

agonist, in patients with type 2 diabetes: a randomised, placebo-controlled and active 

comparator-controlled phase 2 trial. Lancet, 2018. 392(10160): p. 2180-2193. 

73. Nuffer, W.A. and J.M. Trujillo, Liraglutide: A New Option for the Treatment of Obesity. 

Pharmacotherapy, 2015. 35(10): p. 926-34. 

74. Berra, C., et al., Blood pressure control in type 2 diabetes mellitus with arterial hypertension. 

The important ancillary role of SGLT2-inhibitors and GLP1-receptor agonists. Pharmacol 

Res, 2020. 160: p. 105052. 

 

  

Jo
ur

na
l P

re
-p

ro
of



26 

 

CRediT authorship contribution statement 
Elisa Lazzaroni, Laura Montefusco, Laura Plebani, Antonio Rossi, Ida Pastore: Conceptualization, 

Methodology. Elisa Lazzaroni, Elio Ippolito, Cristian Loretelli, Moufida Ben Nasr: Writing- 

Original draft preparation. Elisa Lazzaroni, Elena Lunati, Andrea Mario Bolla, Luciana Vallone: 

Visualization. Paolo Fiorina, Elisa Lazzaroni: Investigation. Paolo Fiorina: Supervision, Validation. 

Elisa Lazzaroni, Cesare Berra, Gian Vincenzo Zuccotti, Francesca D’Addio: Writing- Reviewing 

and Editing 

  

Jo
ur

na
l P

re
-p

ro
of



27 

 

Declaration of Competing Interest 

☒ The authors declare that they have no known competing financial interests or personal relationships that 

could have appeared to influence the work reported in this paper. 

☐The authors declare the following financial interests/personal relationships which may be considered as 

potential competing interests: 

 

 

 

Jo
ur

na
l P

re
-p

ro
of




